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Purpose  of  the  Bulletin 

The  purpose  of  this  bulletin  is  to  provide  students  and  teachers  of 
Physics  30  with  information  about  the  diploma  examinations 
scheduled  for  1997. 

We  encourage  teachers  to  share  the  contents  of  this  bulletin  with 
students  and  to  review  the  scoring  criteria  with  them. 

If  you  have  requests,  questions,  or  comments  about  the  contents  of 
this  bulletin,  please  contact: 

Phill  Campbell 
Assistant  Director 

Mathematics/Sciences  Diploma  Examinations 
E-mail  address:  pcampbell@edc.gov. ab.ca 

Corinne  McCabe 

Examination  Manager,  Physics  30 
E-mail  address:  cmccabe@edc.gov. ab.ca 

Mailing  address,  telephone,  and  fax  number: 

Student  Evaluation  Branch 
Alberta  Education 
Devonian  Building,  West  Tower 
11160  Jasper  Avenue 
Edmonton,  Alberta  T5K  0L2 

Telephone:  427-0010 
Fax:  403-422-4200 

To  call  toll-free  from  outside  of  Edmonton,  dial  310-0000. 


UNIVERSITY  LIBRARY , 
UNIVERSITY  OF  ALRF^> 
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Important  Dates  in  1997 

Administration  of  the  Physics  30  Diploma  Examination 


1997  Administrations 

Time * 

Wednesday,  January  29 

1:00-3:30  P.M. 

Thursday,  June  26 

1:00-3:30  P.M. 

Monday,  August  18 

1:00-3:30  P.M. 

* The  diploma  examination  is  designed  for  a writing  time  of  2.5  h. 
Students  may  have  an  additional  0.5  h to  complete  the  examination. 

Please  consult  the  General  Information  Bulletin , Diploma 
Examinations  Program , for  a complete  schedule  for  all  subject 
areas. 

Scoring  of  the  Examination 


1997  Administrations 

Scoring  Dates ** 

January 

February  11,  12  (Head  Markers) 

February  13  to  15 

June 

July  5,  6 (Head  Markers) 

July  7 to  10 

August 

August  22 

* * Dates  are  tentative  and  will  be  confirmed  by  telephone  with  markers. 
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Notes  of  Interest 

Information  About  Markers 

The  written-response  questions  of  the  Physics  30  Diploma 
Examinations  are  marked  by  Physics  30  teachers  selected  from 
those  who  have  been  recommended  as  markers  to  the  Student 
Evaluation  Branch  by  their  superintendents.  To  qualify  for 
recommendation,  a teacher  must  have  taught  the  complete 
Physics  30  course  twice,  be  teaching  the  course  in  the  current 
school  year,  and  have  an  Alberta  or  Northwest  Territories 
Permanent  Professional  Teaching  Certificate. 

Often,  more  teachers  are  recommended  as  markers  by 
superintendents  than  are  required  by  the  Student  Evaluation 
Branch  for  any  one  marking  session.  The  following  criteria  are 
considered  when  markers  are  selected  for  a particular  marking 
session: 

• experience  as  a marker  (experienced  markers  and  first-time 
markers  are  included) 

• regional  representation  (by  zone,  jurisdiction,  and  school) 

• student  population  (proportional  representation) 

We  particularly  need  teachers  who  can  mark  examinations  written 
in  French. 

Teachers  who  wish  to  be  recommended  as  markers  for  the 
January  1997  examination  should  contact  their  superintendents 
by  September  27,  1996.  Teachers  who  wish  to  be  recommended  as 
markers  for  the  June  and  August  1996  examinations  should  contact 
their  superintendents  by  February  28,  1997. 


Item  Writing  and  Field  Testing 

As  the  need  arises  for  teachers  to  participate  in  field  testing  and 
item  writing,  letters  are  sent  to  superintendents  requesting  their 
nominations.  Item  writing  takes  place  throughout  the  year  and  is 
a vital  component  of  the  diploma  exam  program.  Field  testing 
provides  students  and  teachers  with  the  opportunity  to  become 
familiar  with  the  nature  of  questions  they  will  encounter  on  future 
diploma  exams.  Only  teachers  who  have  been  nominated  by  their 
superintendents  are  eligible  to  participate  in  these  activities. 
Therefore,  it  is  essential  that  teachers  who  are  interested  in  these 
activities  should  let  their  superintendents  know  by  September  12, 
1996. 
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Reports 


After  each  January  and  June  administration  of  the  Physics  30 
diploma  examination,  copies  of  the  Examiners  ’ Report  for  that 
particular  administration  are  sent  to  teachers  in  all  senior  high 
schools  in  Alberta.  The  report  contains  provincial  results  along 
with  commments  about  student  performace  on  the  examination. 
Examiners’  reports  are  designed  for  teacher  use.  If  we  can  make 
these  reports  more  useful  to  you,  please  let  us  know. 

School  and  Jurisdiction  Statistical  Reports  are  sent  to  each 
superintendent  and  senior  high  school  principal  after  each 
January  and  June  administration  of  the  Physics  30  diploma 
examination.  These  reports  provide  detailed  information  on  how 
well  the  students  in  their  school  district  and  school,  respectively, 
did  on  the  Physics  30  diploma  examination.  Teachers  may  use 
these  data  to  reflect  on  the  areas  of  the  program  where  their 
students  did  well  and  those  areas  where  student  performance 
was  poor. 

Each  year,  the  Student  Evaluation  Branch  produces  the  Annual 
Report,  Diploma  Examinations  Program.  This  report  contains 
information  about  the  results  achieved  by  all  students  who  wrote 
diploma  examinations  in  the  preceding  school  year.  It  also 
contains  special  studies  on  topics  of  interest.  The  first  annual 
report  (1989-90  school  year)  contains  a study  comparing 
achievement  in  various  diploma  courses.  The  second  report 
(1990-91  school  year)  contains  a study  comparing  the 
achievement  of  students  who  repeat  diploma  examination  courses 
and  rewrite  diploma  examinations  with  their  achievement  the  first 
time  and  with  the  achievement  of  students  who  write  only  once. 

The  third  report  (1991-92  school  year)  contains  a study  of 
participation  rates  in  diploma  examination  courses.  The  fourth 
report  (1992-93  school  year)  contains  a study  of  English  30 
students’  application  of  conventions  of  language.  The  fifth  report 
(1993-94  school  year)  presents  a comparison  of  provincial 
participation  rates  in  diploma  examination  subjects  for  the  school 
years  1991-92,  1992-93,  and  1993-94.  The  sixth  report  (1994- 
95  school  year)  examines  declining  enrollment  of  Grade  12 
students.  Each  of  these  special  studies  will  be  of  interest  to 
teachers  who  are  involved  in  interpreting  diploma  examinations 
results  of  their  students. 

Additional  copies  are  available  from  the  student  Evaluation 
Branch.  Phone:  427-0010  FAX:  403-422-4200 
To  call  toll-free  from  outside  of  Edmonton,  dial  310-000. 

As  of  the  1995-96  school  year,  this  report  is  available  on  the 
Internet  at  Alberta  Education’s  Web  Site  (http://ednet.edu.gov.ab.ca). 
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Inservices  and  Presentations 


On  a limited  basis  and  subject  to  budget  constraints,  Student 
Evaluation  Branch  staff  is  available  to  provide  inservices  or 
presentations  related  to  diploma  examinations  or  the  interpretation 
of  diploma  examination  results. 

Student  Use  of  Scientific  Calculators 


MEW 

Examinations  are  constructed  to  ensure  that  the  use  of  particular 
scientific  calculators  neither  advantages  nor  disadvantages 
individual  students.  Students  are  expected  to  provide  their  own 
scientific  calculators. 

Refer  to  Appendix  A for  the  policy  statement  on  the  use  of 
scientific  calculators  on  diploma  examinations.  Students  should 
be  made  aware  of  this  policy  as  early  as  possible  in  the  school 
term  to  ensure  they  are  able  to  use  the  scientific  calculator  of  their 
choice  when  writing  examinations.  It  is  important  to  clarify  with 
students  exactly  what  they  are  allowed  to  have  stored  in  their 
calculator  memories. 

Students  should  also  be  made  aware  of  the  Examination  Rules, 
Grade  1 2 Diploma  Examinations  (see  the  General  Information 
Bulletin). 

Guide  for  Students 

MEW 

A publication  written  for  students  called  Students  First:  A Guide 
for  Students  Preparing  to  Write  the  Physics  30  Diploma 
Examination  is  available  in  each  senior  high  school.  See  your 
principal  or  department  head  for  the  black  line  master.  This 
publication  contains  suggestions  for  exam  preparation  and  exam 
writing  suggestions.  The  Student  Evaluation  Branch  highly 
recommends  that  students  and  teachers  examine  this  document 
early  in  the  term  to  prepare  for  the  Physics  30  Examination. 
Parents  will  also  find  this  to  be  a useful  publication. 

Data  Resources  for  Students 

The  Physics  30  diploma  examinations  contain  tear-out  data  pages. 


MEW 

Students  should  remove  the  tear-out  data  pages  from  the  exams  at 
the  beginning  of  the  writing  session.  These  pages  do  not  have  to 
be  returned  with  the  exam  booklets  and  answer  sheets.  The  data 
presented  are  generic  for  all  of  the  Physics  30  diploma  exams 
provided  during  a school  year;  therefore,  only  some  of  the  data 
are  useful  for  any  particular  exam.  The  format  of  the  data  sheet 
has  been  changed.  In  addition  a periodic  table  has  been  provided 
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for  student  reference.  See  pages  38  to  40  for  samples  of  the 
periodic  chart  and  new  data  sheet  format. 


Student  Requests  for  Rescores 

Students  may  request  a rescoring  of  their  diploma  examinations. 
Before  applying  for  a rescoring,  students  should  check  their 
Diploma  Examination  Results  Statement  to  find  out  the 
distribution  of  marks.  The  mark  on  the  machine-scored  questions 
is  not  likely  to  change  as  a result  of  a rescore,  but  the  written- 
response  mark  could  change  slightly.  Students  should  remember 
that  the  rescored  mark  will  be  the  final  mark  whether  it  increases 
or  decreases. 

Students  who  decide  to  have  an  examinaton  rescored  must  ensure 
that  their  application  is  received  before  the  deadline  specified  on 
the  results  statement.  The  fee  for  rescoring  each  examination  is 
$26.75,  which  includes  GST.  If  a diploma  examination  mark  is 
increased  by  5%  or  more  as  a result  of  rescoring,  the  fee  is 
refunded. 


Student  Requests  for  Rewriting 

Students  may  rewrite  a diploma  examination  in  any  regularly 
scheduled  administration.  Students  must  apply  to  the  Student 
Evaluation  Branch  by  November  15,  1996,  and  April  15,  1997,  to 
be  eligible  to  write  the  January  and  June  diploma  examinations. 
The  fee  for  rewriting  each  examination  is  $26.75,  which  includes 
GST.  (For  more  details,  see  the  General  Information  Bulletin.) 
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Physics  30  Information 

Objectives  of  the  Course 


Physics  30  is  an  academic  course  intended  to  further  students’ 
understanding  and  application  of  fundamental  concepts  and  skills.  The 
focus  is  on  understanding  the  physics  principles  behind  the  natural  events 
they  experience  and  the  technology  they  use  in  their  daily  lives.  The 
course  encourages  enthusiasm  for  the  scientific  enterprise  and  develops 
positive  attitudes  about  physics  as  an  interesting  human  activity  with 
personal  meaning.  It  develops  the  knowledge,  skills,  and  attitudes  to  help 
students  become  capable  of,  and  committed  to,  setting  goals,  making 
informed  choices,  and  acting  in  ways  that  will  improve  their  own  lives  and 
life  in  their  communities. 

To  develop  the  required  knowledge,  skills,  and  attitudes  in  Physics  30,  it  is 
necessary  that  students  successfully  complete  Science  10  and  Physics  20. 


Standards 


Students  who  achieve  an  acceptable  standard  but  not  the  standard  of 
excellence  in  Physics  30  received  a final  mark  of  50%  or  higher.  They 
have  gained  new  skills  and  knowledge  in  physics  but  may  encounter 
difficulties  if  they  choose  to  enroll  in  post-secondary  physics  courses. 
These  students  can  state  and  solve  problems  that  can  be  related  quickly  to 
an  equation  on  the  data  sheets.  Their  laboratory  skills  are  limited  to 
following  explicit  directions  and  to  using  laboratory  data  to  verify  known 
physics  information.  These  students  are  capable  of  defining  and 
calculating  quantities  such  as  one-dimensional  momentum;  kinetic  and 
potential  energies;  electric  force  and  the  force  due  to  gravity;  current, 
potential  difference,  and  resistance  in  simple  series  and  parallel  circuits; 
variables  in  the  relationship  between  the  primary  and  secondary  coils  of  a 
transformer;  speed,  wavelength,  and  frequency  of  electromagnetic  waves; 
charge-to-mass  ratios;  and  the  photoelectric  work  function.  They  tend  to 
use  item-specific  methods  in  their  problem  solving  and  rarely  apply  the 
major  generalizations  of  physics  such  as  conservation  laws  of  charge, 
momentum,  and  energy.  When  explaining  the  connections  between 
science,  technology,  and  society,  these  students  tend  to  use  examples 
provided  from  textbooks  and  have  difficulty  connecting  physics  to  real- 
life  scenarios  beyond  the  classroom. 

Students  who  achieve  a standard  of  excellence  in  Physics  30  receive  a final 
mark  of  80%  or  higher.  They  have  demonstrated  their  ability  and  interest 
in  both  mathematics  and  physics  and  feel  confident  about  their  scientific 
abilities.  These  students  should  encounter  little  difficulty  in  post- 
secondary physics  programs  and  should  be  encouraged  to  pursue  careers 
in  which  they  will  utilize  their  talents  in  physics.  Students  who  achieve  a 
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standard  of  excellence  show  flexibility  and  creativity  when  solving 
problems,  and  minor  changes  in  problem  format  do  not  cause  them  major 
difficulties.  They  seek  general  methods  to  solve  problems  and  are  not 
afraid  to  use  conservation  laws.  They  transfer  knowledge  from  one  area 
of  physics  to  another  and  can  express  their  answers  in  clear  and  concise 
terms.  In  addition,  these  students  can  connect  their  understanding  of 
physics  to  real-world  situations  that  include  technological  applications  and 
implications  beyond  the  classroom  setting.  In  the  laboratory,  students 
who  achieve  a standard  of  excellence  can  cope  with  data  that  are  less  than 
perfect  or  with  instructions  that  are  incomplete.  These  students  are 
capable  of  defining  and  calculating  quantities  such  as  two-dimensional 
momentum;  current  and  voltage,  using  Kirchoff  s rules;  resistance  in 
series  and  parallel  circuits;  the  motion  of  an  electric  charge  in  a magnetic 
field;  and  variables  in  the  Balmer  equation. 


Examination  Specifications 

Each  Physics  30  Diploma  Examination  is  constructed  as  closely  as 
possible  to  the  preceding  specifications.  Adjustments  in  the  emphasis 
may  be  necessary  because  the  exam  includes  written-response  questions 
and/or  machine-scored  questions  that  cover  more  than  one  general  learner 
expectation.  Questions  on  the  diploma  examination  will  require  students 
to  demonstrate  knowledge  of  physics  concepts  and  apply  skills  in  a 
context  that  supports  making  STS  connections. 

The  design  supports  the  integration  of  all  Physics  30  general  learner 
expectations  as  outlined  in  the  Physics  20-30  Program  of  Studies, 

Interim,  for  Senior  High  Schools.  As  a result,  the  exam  is  not  necessarily 
arranged  sequentially  by  units  but  instead  is  built  around  scenarios  or 
contexts  that  support  STS  connections. 


Examination  Specifications  (continued) 

The  1997  Physics  30  diploma  examinations  are  constructed  to  place  the  following  approximate  emphases 
on  the  Physics  30  Course  General  Learner  Expections. 


Knowledge  Emphasis 

The  student  can: 

• compare  and  contrast  scalar  and  10-20% 

vector  quantities  and  fields;  apply 

the  concept  of  field  to 
quantitatively  explain,  in  terms  of 
their  source,  direction,  and 
intensity,  the  gravitational, 
electrical,  and  magnetic  effects  on 
objects  and  systems 

• describe  quantitatively,  analyze,  35-45% 

and  predict  the  behaviour  and 

physical  interactions  of  objects  that 
may  be  in  gravitational,  electric, 
and/or  magnetic  fields,  using  the 
principles  of  kinematics,  dynamics, 
conservation  of  energy, 
momentum,  and  electric  charge,  in 
addition  to  electrostatics  and 
electromagnetism;  apply  these 
principles  to  atomic  theory  and 
other  applications 

• explain  quantitatively,  analyze,  and  10-20% 
predict  the  motor/generator  effect; 

describe  quantitatively,  analyze, 
and  predict  the  functioning  of 
simple  resistive  direct  current 
circuits,  using  Ohm’s  law  and 
Kirchoff’ s rules;  explain  the 
design,  function,  and  technological 
applications  of  simple  electric 
motors,  generators,  meters,  - 
transformers,  and  other  simple 
electromagnetic  devices 

• explain  quantitatively  the  25-35  % 

characteristics  and  behaviours  of 
electromagnetic  waves,  and 

algebraically  solve  problems  using 
the  relationship  among  speed, 
wavelength,  frequency,  and  energy, 
and  apply  these  principles  with 
conservation  laws  to  the  atomic 
theory  and  other  applications 


Skills  Emphasis 

The  student  can:  20-40% 

• design,  interpret,  explain,  analyze,  and  evaluate 
investigations 

• organize  data  into  tables,  graphs,  and  diagrams 
and  predict  relationships 

• interpret,  explain,  analyze,  and  evaluate  data  to 
infer  relationships 

• use  appropriate  scientific  terminology  and 
mathematical  language  to  communicate  and 
explain  scientific  concepts 


Connections  Among  Science, 

Technology,  and  Society  (STS)  Emphasis 

The  student  can:  40-60% 

• apply  cause-and-effect  reasoning  to  formulate 
relationships  in  which  scientific  evidence 
shapes  or  refutes  a theory,  and  explain  the 
limitations  of  science  and  technology  in 
answering  all  questions  and  solving  all 
problems 

• describe  and  evaluate  the  design  and  function 
of  technological  solutions  to  theoretical  and 
practical  problems  using  scientific  principles 
and  theories,  and  relate  the  ways  in  which 
science  and  technology  advance  one  another 

• evaluate  from  a variety  of  perspectives  how 
science  and  technology  are  influenced  and 
supported  by  society,  and  assess  the  ability  of 
society  to  interact  responsibly  with  the 
environment 

• apply  the  skills  and  knowledge  acquired  in 
Physics  30  to  everyday  life  and  to  related  and 
new  concepts  in  post-secondary  studies  of 
physics 
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Examination  Design 


The  design  of  the  1997  Physics  30  diploma  examinations  is  as  follows: 


Question  Number  of  Percent 

Format  Questions  Emphasis 


Multiple  Choice  37 

Numerical  Response  12 

Written  Response  2 


53 

17 

30 


The  Physics  30  Diploma  Examination  uses  some  linked  questions  in  the 
multiple-choice  and  numerical-response  sections.  Prior  to  1996,  all 
multiple-choice  and  numerical-response  questions  were  developed  and 
scored  independently  of  one  another.  Now,  with  the  development  of 
more  than  one  question  based  on  the  same  block  of  information,  a 
numerical  answer  from  one  question  may  be  necessary  to  complete  the 
calculations  in  the  next  question.  If  students  answer  the  first  question 
incorrectly  but  use  that  answer  correctly  to  answer  the  second  question, 
they  will  receive  full  marks  for  the  second  question. 

To  illustrate  by  example,  numerical  response  1,  2,  and  3 on  the  January 
1996  Physics  30  Diploma  Examination  are  of  this  type.  In  numerical- 
response  question  1 , the  student  is  required  to  generate  a numerical 
response  for  the  estimated  speed  of  the  vehicle  before  the  brakes  are 
applied.  Numerical-response  questions  2 and  3 require  the  student  to 
then  use  the  recorded  answer  to  numerical-response  question  1 to 
calculate  heat  energy  and  impulse.  If  the  student  answers  numerical- 
response  question  1 incorrectly  but  then  uses  that  recorded  value 
correctly  to  calculate  answers  for  numerical-response  questions  2 and  3, 
the  student’s  response  to  these  two  questions  will  be  marked  correct. 


A further  example,  from  the  January  1995  Physics  30  diploma 
examination,  linked  multiple-choice  question  13  and  numerical-response 
question  6.  Students  could  use  their  recorded  answer  from  MC  question 
1 3 to  answer  NR  question  6 correctly,  even  though  their  answer  to 
multiple-choice  question  13  may  have  been  incorrect. 

These  variations  in  answers  can  be  accommodated  by  the  programming 
designed  for  electronic  scoring. 


Numerical-Response  Formats 

NKW  Several  formats  for  recording  numerical-response  answers  are  shown  on 

the  following  pages.  Teachers  and  students  should  become  familiar  and 
comfortable  with  these  formats  before  writing  the  1997  Physics  30 
Diploma  Examination. 
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Use  the  following  information  to  answer  the  next  question. 


Bumper  cars  operate  on  electricity.  The  more  the  accelerator  pedal 
is  pressed,  the  more  current  flows  in  the  system,  thus  the  faster  the 
car  travels.  Car  X and  car  Y are  going  to  collide  head-on.  Car  X is 
travelling  at  a constant  velocity  of  2.25  m/s  to  the  east  and  car  Y is 
travelling  at  a constant  velocity  of  1.30  m/s  to  the  west. 


Numerical  Response 


MM  The  total  mechanical  energy  of  the  bumper  cars  described, 
expressed  in  scientific  notation,  is  b x 10w  J.  The  value  of 
b is . 

(Round  and  record  your  answer  to  three  digits.) 

Answer:  [~4| |~| [3] [2~| 


Use  the  following  information  to  answer  the  next  question. 


Air  pollution  can  be  a serious  problem  in  underground  parking 
garages.  The  quantity  of  a particular  pollutant  in  the  air  can  he 
measured  by  passing  a beam  of  light  through  the  garage  and 
measuring  how  much  of  it  is  absorbed.  The  light  must  have  a 
wavelength  that  is  strongly  absorbed  by  the  target  pollutant. 


Numerical  Response 


EB  A laser  must  be  designed  to  supply  a wavelength  of  164  nm  to 

detect  a particular  target  pollutant.  The  search  for  a laser  material 
begins  with  a list  of  hydrogen-like  atoms/ions.  The  hydrogen-like 
atom  whose  3-2  transition  would  emit  light  at  164  nm  would  have 
an  Ex  value,  expressed  in  scientific  notation,  of  -a.b  x \()~cd  J. 

(Round  and  record  your  answer  as  |g]|^][c]|^].) 

Answer:  [8j[T][T][8] 
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Use  the  following  information  to  answer  the  next  question. 


A ballistic  pendulum  is  a device  used  to  measure  the  speeds  of  fast 
moving  objects  like  bullets.  It  consists  of  a wooden  block  with  a 
mass  of  1.00  kg. 

A bullet  with  a mass  of  5.00  g is  fired  from  a gun  with  a barrel  that 
is  74.2  cm  long.  The  gun’s  mass  is  2.45  kg.  When  the  bullet  strikes 
the  block,  it  causes  the  block  to  rise  to  a height  of  18.4  cm. 


Numerical  Response 


The  speed  of  the  bullet  just  before  it  strikes  the  ballistic  pendulum, 
expressed  in  scientific  notation,  is  a.bc  x 10^  m/s. 


(Round  and  record  your  answer  as  [fl][^][c][rf].) 


Answer:  [T][8][T|[2] 


Numerical  Response 


KJH  Place  the  following  types  of  EMR  in  order  of  increasing  energy: 

1 blue  light 

2 gamma  radiation 

3 radio  waves 

4 ultraviolet  radiation 

(Record  your  answer  on  the  answer  sheet  [][][][].) 

Answer:  |~3j |T| [4] |~2~| 
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Assessment  of  STS  Connections 

Students’  understanding  of  the  concepts  of  science  are  measured  by  every 
question  on  the  examinations.  In  addition,  some  questions  measure  the 
students’  understanding  and  use  of  skills  associated  with  scientific 
inquiry.  Some  questions  have  been  designed  to  measure  the  students’ 
understanding  of  the  connections  between  science  and  technology  and 
among  science,  technology,  and  society.  As  a result,  many  questions 
measure  how  well  students  can  apply  the  skills  and  knowledge  they  have 
acquired  in  science  to  everyday  life. 


Assessment  of  Communication  Skills 

Communication  skills  are  assessed  most  directly  in  the  teacher-scored 
questions.  For  the  open-response  questions,  the  descriptions  used  in  the 
holistic  scoring  guides  may  include  criteria  for  assessing  communication 
skills  along  with  criteria  for  the  other  components.  Examples  of  scoring 
criteria  can  be  found  on  pages  24  to  26. 

The  term  communication  skills  includes  those  processes  by  which 
information  is  exchanged  through  appropriate  conventions.  These 
conventions  include: 

• words,  sentences,  paragraphs 

• graphs,  diagrams 

• mathematical  formulas,  mathematical  and  chemical  equations 

• significant  digits,  units  of  measurement,  unit  conversion 

Conventions  that  are  considered  appropriate  for  a particular  response  are 
subject-  and  question-specific. 


One-Marker  Scoring  System 

Each  Physics  30  Diploma  Examination  has  two  written-response 
questions,  one  of  which  is  a closed-response  question.  Each  student’s 
answer  to  this  question  is  scored  by  one  teacher  using  an  analytic  scoring 
guide.  Each  guide  lists  the  criteria  required  for  each  mark,  along  with  a 
sample  response  that  meets  all  the  criteria  for  a score  of  10.  For  an 
example  of  this  type  of  question  and  sample  answers,  see  pages  19  to  22. 
Another  example  of  this  type  of  question  can  be  found  on  the  1996 
January  Diploma  Examination,  written-response  question  1. 
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Two-Marker  Scoring  System 

The  other  written-response  question  is  an  open-response  question. 
Students’  answers  to  the  open-response  question  are  scored  by  teachers 
using  holistic  scoring  guides.  The  guides  describe  the  characteristics  of 
students’  answers  that  correspond  to  one  of  five  values — 0,  1,  2,  3,  or  4 for 
the  physics  content  used  to  solve  the  problem,  and  one  of  four  values — 0, 
1,  2,  or  3 for  the  effective  communication  of  the  response.  Each  student’s 
answer  is  scored  independently  by  two  teachers.  The  two  content  scores 
are  added  together  for  a combined  total  sub-score  out  of  8,  while  the  two 
communication  scores  are  averaged  for  a sub-score  out  of  3.  The  two 
sub-scores  are  added  together  for  a total  out  of  1 1 . 

A summary  of  the  calculations  follows: 

Content:  Reader  1 Score  (X  out  of  4)  + Reader  2 Score  (Y  out 
of  4)  = Sub-score  (X  + Y out  of  8) 

Communication:  Reader  1 Score  (X  out  of  3)  + Reader  2 Score 

X + Y 

(Y  out  of  3)  divided  by  2 = Sub-score  ( — ^ — out  °f  3) 

Final  score  = Content  (out  of  8)  + Communication  (out  of  3) 

If  the  scores  for  content  and/or  communication  obtained  by  the  two 
independent  readings  vary  by  more  than  2,  the  scores  are  classified  as 
discrepant.  Student  responses  that  have  discrepant  scores  are  read  by  a 
third  reader.  The  third  reader  must  assign  a score  that  is  equal  to  one  of 
the  scores  of  the  first  two  readers  or  between  these  scores. 

A summary  of  the  calculation  for  a discrepant  paper  follows: 

Third  Reader: 

Content:  Reader  1 Score  1 
Reader  2 Score  3 

Reader  3 must  assign  a 1,  2,  or  3.  This  score  will  be  doubled  for  a 
total  out  of  8. 

Communication:  Reader  1 Score  1 
Reader  2 Score  3 

Reader  3 must  assign  a 1,  2,  or  3.  This  score  will  be  added  to  the 
content  score  for  a total  out  of  11. 

For  an  example  of  this  type  of  question,  sample  answers,  and  holistic 
scoring  guides,  see  pages  23  to  31.  Another  example  of  this  type  of 
question  can  be  found  on  the  1996  June  Diploma  Examination,  written- 
response  question  1. 
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Changes  for  1997-98 

MEW 


Field  Test  Results 

NEW 


For  the  Physics  30  diploma  examinations  in  the  1997-98  school  year, 
each  of  the  written-response  questions  will  be  equally  weighted  at  15%  of 
the  total  exam.  The  total  for  the  written-response  component  will  remain 
at  30%  of  the  total  exam. 

The  closed-response  question  will  continue  to  be  marked  by  one  marker 
and  the  open-response  question  by  two  markers.  The  marking  scheme 
for  the  closed-response  question  will  change  from  a 10-point  analytic 
scale  to  a analytic/holistic  scoring  guide.  This  guide  will  still  be  question 
specific  but  there  will  also  be  some  general  expectations.  In  order  to  be 
considered  complete  and  correct,  a student’s  response  will  need  to  clearly 
identify,  in  equations  and  words,  the  physics  principles  being  used.  The 
rubrics  for  scoring  will  include  problem-solving  skills,  the  application  of 
physics  knowledge,  and  mathematical  competency.  These  scoring  guides 
will  be  used  in  the  1996-97  school  year  on  all  written-response  field  tests. 

The  scoring  system  for  the  open-response  question  will  continue  to  be 
based  on  a content  scale  and  a communication  scale,  however,  some 
adjustments  may  be  made  to  the  method  by  which  the  final  mark  is 
calculated. 


Field  test  results  for  the  1995-96  school  year  indicate  that  students  and 
teachers  are  becoming  more  comfortable  with  the  open-response 
questions.  More  students  are  attempting  the  questions,  and  their  ability  to 
clearly  communicate  their  ideas  has  improved  considerably. 

Markers  expressed  concern  regarding  the  lack  of  consistency  in  the 
methods  used  by  students  in  plotting  scientific  data  and  in  applying  a 
suitable  averaging  technique  to  analyze  the  data.  The  following  pages 
contain  some  comments  about  graphing  and  averaging  procedures. 
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Comments  About  Graphing  and  Suitable  Averaging  Procedures 

NIEW  Students  should  be  proficient  at  constructing  graphs  for  scientific  data. 

Some  general  guidelines  for  graphing  scientific  data  follow. 

1.  The  manipulated  variable  should  be  plotted  on  the  horizontal  axis,  and 
the  responding  variable  should  be  plotted  on  the  vertical  axis. 

2.  The  scale  for  each  axis  should  be  set  so  that  it  spreads  out  the 
measured  data  as  much  as  possible.  Scales  should  be  easy  to  read  and 
evenly  divided.  All  axes  must  be  labelled  with  the  variable  used  and 
complete  units,  including  any  power  of  10. 

3 . The  graph  should  have  a clear  title.  This  is  usually  stated  as 
“Responding  vs  Manipulated”  variable  with  a further  descriptor  to 
help  identify  the  data. 

4.  Each  data  point  should  be  plotted.  A small  circle  may  be  drawn 
around  each  plotted  point  to  indicate  that  it  is  a data  point.  Best  fit 
lines  or  curves  may  not  include  all  points  due  to  experimental  error. 
Best  fit  lines  or  curves  do  not  necessarily  include  the  origin. 

Finding  Slope 

When  asked  to  use  an  averaging  technique  to  analyze  a graph,  students 
should  be  using  slope  or  another  suitable  averaging  method. 

Generally,  students  understand  that  slope  is  defined  as  the  rise/run.  Some 
general  guidelines  for  finding  slope  follow. 

1 . Always  use  on-line  points  that  can  be  read  easily. 

2.  The  triangle  should  always  be  large,  so  as  to  minimize  calculation 
errors. 

3.  Data  points  should  not  be  used  in  a slope  calculation. 

4.  The  origin  should  not  be  used  as  a suitable  point. 

5.  Units  and  powers  of  ten  should  be  included  in  the  calculation. 

6.  Significant  digits  for  the  slope  are  determined  by  the  precision  of  the 
observations  recorded  in  the  data  table. 

Averaging  Procedures 

Students  should  be  made  aware  that  finding  slope  is  the  most  suitable 
averaging  procedure  we  have.  Therefore,  when  they  are  asked  to  use  an 
averaging  procedure  to  analyze  data,  slope  should  be  their  first  choice.  If 
they  do  not  use  slope,  then  they  should  use  the  average  of  the  desired 
values,  or  the  weighted  mean  should  be  used  (not  the  average  of  the 
manipulated  and  responding  variables).  Care  must  be  taken  when  using 
these  averaging  methods  because  the  origin  or  another  non-permissible 
value  may  be  given  as  data.  An  example  illustrating  both  a slope 
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calculation  and  another  suitable  averaging  procedure,  and  their  use, 
follows. 


Example 

Independent  measurements  were  made  of  the  momentum  p and  of  the  frequency /of 
X-rays.  The  results  are  summarized  in  the  table: 


p (10'23  kg»m/s) 

/(1019  Hz) 

2.5 

1.3 

8.0 

3.9 

13.0 

5.4 

17.0 

8.1 

20.0 

8.8 

22.0 

11.2 

a.  From  the  data  in  the  table,  plot  a graph  of  momentum  as  a function  of  frequency, 
placing  frequency  on  the  horizontal  axis. 


Momentum  as  a Function  of  Frequency 


b.  Use  the  slope  of  the  graph  or  some  other  suitable  averaging  procedure  to 
determine  the  best  estimate  of  Planck’s  constant  h. 

Slope  Method 

slope  = Ap/Af 

(19  - 6.0)(10~23  kg*m/s) 

(8.8  -2.8)(10iy  Hz) 

slope  = 2.2  x 10-42  kg*m 
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Here,  the  slope  is  not  Planck’s  constant  but  must  be  used  to  find  h. 


P = hflc 
p/f  = hie 
h = c(slope) 


= (3.00  x 108  m/s)(2.16  x 10 kg-m) 
h = 6.5  x 1(T34  J-s 

For  the  slope  calculation,  all  six  guidelines  were  followed. 


Averaging  Method:  using  data  points 
h =pc/f 

h{  = (2.5  x 10~23  kg-m/s)(3.00  x 108  m/s)/(1.3  x 1019  Hz) 

= 5.8  x 1(T34  J-s 
h2  = 6.2  x 1(T34  J-s 
h3  = 7.2  x 10~34  J-s 
h4  = 6.3  x 10-34  J*s 
h5  = 6.8  x 10“34  J-s 
h6  = 5.8  x 10"34  J-s 

hi  -i-  h2  +h3  + h4  + h5  + h6 

^(ave)  = ^ 

= 6.4  x 10~34  J-s 

In  finding  the  average  value  for  Planck’s  constant,  all  six  values  were  calculated. 
These  values  were  then  averaged.  This  method  may  yield  different  results 
because  of  the  inclusion  of  points  that  have  large  experimental  errors.  Note  that 
the  averaging  equation  was  explicitly  stated.  However,  it  is  acceptable  to  state 
the  averaging  equation  implicitly. 

In  this  particular  problem,  the  following  method  yields  a reasonable  value  for 
Planck’s  constant  but  is  generally  considered  unacceptable. 

P(ave)  = ^ = 13.8  x 10-23  kg<m/s 

/( ave)  = Y = 6 45  x 10‘9  Hz 

A(av.)=  a^£  = 6.4  x 10-34  J-s 


This  method  gives  the  correct  answer  only  because  the  graph  goes  through  the 
origin;  as  a general  practice,  the  origin  should  not  be  used.  Often,  when 
experimental  errors  are  present,  graphs  that  are  meant  to  go  through  the  origin  do 
not  go  through  it.  Thus,  the  use  of  this  particular  procedure  involves  making  an 
unwarranted  assumption. 


18 


Scoring  of  Sample  Answers 


Wri  tten- Response 
Question  2,  June  1996 


Use  the  following  information  to  answer  the  next  question. 

A Millikan  Experiment 

V = 4.00  x 102  V 

+ + + + + + + + + 

" K 

o mass  d = 0.10  m 


A charged  particle  that  has  a mass  of  2.8  x 10~16  kg  accelerates 
upward  at  3.6  m/s2  in  the  electric  field  between  two  horizontal  plates 
that  have  a separation  of  0.10  m.  The  potential  difference  across 
the  plates  is  4.0  x 102  V.  The  experiment  is  performed  on  Earth’s 
surface  at  sea  level. 


1 2.1  a.  Calculate  the  magnitude  and  direction  of  the  electric  force 
exerted  upon  the  particle. 

Fq  = mg  + ma  OR  XF  = Fnet  = ma 

Fe  = (2.8  x 10“16  kg)(9.81  m/s2)  + (2.8  x 10“16  kg)(3.6m/s2) 

Fe  = 2.7468  x 1(T15  N + 1.008  x 10“15  N 

Fg  = 3.7548  x 10-15  .\  direction  is  up 

Fe  = 3.8  x 10“15  N 

There  are  four  checks  for  this  part: 

1 . using  F&  = mg  + ma  or  equivalent 

2.  substitution  into  a valid  formula 

3.  answer  F = 3.8  x 10~15  N 

e 

4.  answer  direction  upward 
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b.  Determine  the  charge  on  the  particle.  (If  you  were  unable  to  answer 
part  a,  use  the  hypothetical  value  Fe  = 2.6  x 1CT15  N.) 


3.7548  x 10“15  N 


4.00  xl02Vxi/ 
0.10  m : 


1 V = 1 J/C 


(3.7548  x 10"15  N)(0.10  m) 

~~  4.00  x K)2  J/C  " q 

q = 9.387  x 10~19  C (accept  to  9.5  x 10"19  C) 
If  F = 2.6  x 10"15  N then  q = 6.5  x 10“19  C 


There  are  five  checks  for  this  part: 

5 . stating  |e|  = ^ or  equivalent  or  FT  = mg  + ma 

6.  stating  |£j  = y or  equivalent 

7 . equating  electric  fields  or  equating  forces  or  calculating  and 
substituting  |#| 

8 . substitution  into  a valid  formula 

9.  answer  q = 9.4  x 10~19  C or  consistent  with  calculation 


c.  Determine  the  time  required  for  the  particle  to  move  from  the  lower 
to  the  upper  plate  when  the  particle  begins  at  rest. 

1 ? 

d = vt  + 2at  '■  vi  = 0 
t = ^2  d / a 

t = V2  (0.10  m)/ (3.6  m/s2) 

t = Vo.0556  s2 
t = 0.2357  s 

There  are  four  checks  for  this  part: 

1 0.  stating  d = v{t  + ^ar2  or  equivalent  OR  A E - qV  - mgh  + mvf  2 12 

1 1 . stating  t = ^2  d/  a or  vi  = 0 or  equivalent  OR  calculating  vf 
correctly 

12.  substitution  into  valid  formula  OR  using  At  = (vrVj )/a  or 
equivalent 

13.  answer  t = 0.24  s or  consistent  with  calculation 
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d.  Assume  that  the  voltage  applied  to  the  plates  can  be  varied. 

Calculate  the  minimum  voltage  needed  to  move  the  particle  from  the 
lower  plate  to  the  upper  plate.  (If  you  were  unable  to  answer  part  b, 
use  the  hypothetical  value  9.6  x 1(T19  C as  the  charge  on  the 

= mg 

= mg 

mgd 

q 

(2.8  x ltr16  kg)(9.81  m/s2)(0.10  m) 

9.37  x 10  10  C 

= 2.926  x 102  V 

A student  must  state  that  the  voltage  is  greater  than  2.9  x 102  V 
V > 2.9  x 102  V 

If  the  hypothetical  q = 6.5  x 10-19  C then  V > 4.3  x 102  V 

There  are  four  checks  for  this  part: 

14.  stating  Fe  = mg  or  equivalent 
qV 

15.  stating  Fe  = or  equivalent 

16.  substitution  into  a valid  formula 

17.  answer  Voltage  is  greater  than  2.9  x 102  V or  consistent  with 
calculation 


qV 

d 

V 


e.  Assume  now  that  the  particle  is  at  rest  between  the  plates.  If  the 

charges  on  the  plates  were  inverted  (negative  plate  becomes  positive, 
and  positive  plate  becomes  negative),  what  would  be  the  magnitude 
and  direction  of  the  net  force  on  the  particle? 

Method  1: 


XF  — F net  . Fe  — Fg 
~ Fg  - Fg  — Fnet 
^driving  = 2Fg  downwards  = Fnet 


There  are  three  checks  for  this  part: 

18.  stating  F = F 

e 8 

19.  answer  Fnet  = 2Fg 

20.  answer  direction  = downward 
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Method  2: 


(9.37  x 10“19  C)(2.93  x 102  V) 

(0.10  m) 

Fe  = 2.75  x 10“15  N 
Fg  = mg 

= (2.8  x 10-16  kg)(9.81  m/s2) 

Fg  = 2.75  x 10“15  N 

F=  Fe  + Fg 

F = 5.5  x 10-15  N;  downwards  : 

or  using  V = 400  V,  F = 6.5  x 10-15  N;  downwards 

There  are  three  checks  for  this  part: 

18.  stating  Fnet  = Fg  + Fe  or  equivalent 

19.  an  answer  FNET  = 5.5  x 10-15  N or  FNET  = 6.5  x 1()-15  N 
or  consistent  with  calculation 

20.  downwards 


Checks 

Marks 

19  or  20 

10 

17  or  18 

9 

15  or  16 

8 

14 

7 

12  or  13 

6 

10  or  11 

5 

8 or  9 

4 

6 or  7 

3 

4 or  5 

2 

2 or  3 

1 

0 or  1 

0 
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W ri  tten-  Response 
Question  2,  January  1996 


Use  the  following  information  to  answer  the  next  question. 


The  labels  have  fallen  off  two  evacuated  tubes  that  have  unknown 
metals  at  each  cathode.  One  tube,  with  Metal  X as  its  cathode,  detects 
visible  light  leakage  from  cameras.  The  other  tube,  with  Metal  Y as  its 
cathode,  detects  ultraviolet  leakage  from  shielded  equipment.  A 
student  needs  to  know  which  tube  is  which.  One  of  the  evacuated  tubes 
is  shown  below. 


Unknown  Incident  light 

metal  „ „ ^ 


Also  available  is  a variable-frequency  electromagnetic  wave  source,  a 
variable  voltage  source,  a voltmeter,  and  any  reference  tables  needed. 


| 2.1  Design  an  experiment  using  the  photoelectric  effect  to  distinguish 
between  Metal  X and  Metal  Y.  Your  experimental  design  must 
contain: 

• Statement  of  the  purpose  of  the  experiment 

• List  of  the  equipment  needed 

• A complete  labelled  diagram  (above)  of  all  the  equipment 
necessary 

• Procedure 

• Measurements  to  be  made  and  recorded,  and  any  tables  necessary 

• Description  of  the  analysis  to  be  done 

• An  explanation  using  either  the  calculation  or  the  derived 
algebraic  equation  showing  how  it  will  be  used  to  distinguish 
between  Metal  X and  Metal  Y. 

Note:  A maximum  of  8 marks  will  be  awarded  for  the  physics  used 
in  your  design.  A maximum  of  3 marks  will  be  awarded  for 
the  effective  communication  of  your  response. 
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Written-Response  Question  2 — Holistic  Scoring  Guide 
Reporting  Category:  Physics  COMMUNICATION 


When  marking  COMMUNICATION,  the  marker  should  consider  how 
effectively  the  response  describes  the  experimental  design  used  to 
distinguish  between  Metal  X and  Metal  Y. 

Score 

Criteria 

3 

Excellent 

(80%) 

The  response: 

• is  complete,  well  organized,  and  clear  and  relevant  to  the 
topic 

• describes  a detailed  experimental  design  in  a logical 
manner  demonstrating  consistency  of  thought 

• uses  physics  vocabulary  appropriately,  and  a precise, 
explicit  relationship  exists  between  the  experiment  and  the 
diagram(s) 

• explicitly  states  formulas,  equations,  or  relationships  used 
to  distinguish  between  Metal  X and  Metal  Y 

• may  have  a minor  error  or  omission  but  this  does  not 
hinder  the  communication  of  the  design 

2 

Satisfactory 

The  response: 

• is  somewhat  complete  and  organized,  however,  it  lacks 
clarity 

• describes  an  experimental  design  but  details  are  general 
and/or  sometimes  lacking,  leaving  it  somewhat  open  to 
interpretation 

• uses  physics  vocabulary,  however,  this  is  sometimes 
misused,  and  an  implicit  relationship  exists  between  the 
experiment  and  the  diagram(s) 

• includes  formulas,  equations,  or  relationships  that  may  be 
inferred  when  used  to  distinguish  between  Metal  X and 
Metal  Y 

• likely  has  errors  or  omissions  that  may  hinder  the 
communication  of  the  design 

1 

Poor 

The  response: 

• is  incomplete,  unorganized,  and  somewhat  unclear 

• describes  an  experimental  design  but  provides  little  or  no 
detail 

• uses  physics  vocabulary,  however,  this  is  often  misused, 
and  there  is  a weak  relationship  between  the  experiment 
and  the  diagram(s) 

• includes  formulas,  equations,  or  relationships  that  may  be 
inferred  by  analyzing  the  explanation 

• has  errors  and/or  omissions  that  hinder  the  communication 
of  the  design 

0 

The  response: 

• is  not  complete,  organized,  or  clear 

• does  not  describe  a design 

• uses  little  or  no  physics  vocabulary  and  there  is  no 
relationship  between  the  explanation  (if  present)  and  the 
diagram  (if  present) 

• may  state  a formula,  equation,  or  relationship  but  it  does 
not  contribute  to  the  design 

• is  confusing  and/or  frustrating  to  the  reader 

• has  very  little  written 

NR 

No  response  is  given. 
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Written-Response  Question  2 — Holistic  Scoring  Guide 
Reporting  Category:  Physics  CONTENT 


When  marking  CONTENT,  the  marker  should  consider  how  effectively  the 
response  uses  physics  concepts,  knowledge,  and  skills  in  the  design  of  the 
experiment  using  the  photoelectric  effect  to  distinguish  between  Meted  X and 
Metal  Y. 

Score 

Criteria 

4 

Standard  of 
Excellence 

(80%) 

The  response: 

• shows  the  design  of  an  experiment  that  reflects  a thorough 
understanding  of  the  photoelectric  effect  by  correctly 
distinguishing  between  Metal  X and  Metal  Y. 

• contains  an  accurate  statement  of  the  purpose,  a complete 
list  of  the  equipment  needed,  and  a procedure  that 
supports  the  experimental  design 

• identifies  measurements  to  be  made  and  refers  to  any 
tables  necessary 

• accurately  describes  the  analysis  to  be  done  in  order  to 
distinguish  between  Metal  X and  Metal  Y 

• may  contain  minor  errors  in  the  equations  and/or 
concepts,  however,  these  do  not  hinder  the  understanding 
of  the  physics  content 

• has  no  major  inconsistencies 

3 

The  response: 

• shows  the  design  of  an  experiment  that  reflects  a good 
understanding  of  the  photoelectric  effect  but  that  may 
produce  difficulty  distinguishing  between  Metal  X and 
Metal  Y 

• contains  a correct  statement  of  the  purpose,  a list  of  most 
of  the  equipment  needed,  and  a procedure  that  provides 
support  for  the  experimental  design 

• identifies  most  measurements  to  be  made  and  likely  refers 
to  any  tables  necessary 

• describes  the  analysis  to  be  done  in  order  to  distinguish 
between  Metal  X and  Metal  Y 

• may  contain  minor  errors  in  equations  and/or  concepts 
that  hinder  the  understanding  of  the  physics  content 

• may  have  several  minor  inconsistencies  or  perhaps  one 
major  inconsistency  (omits  accurate  description  of  the 
analysis)  although  there  is  little  doubt  that  there  is  good 
understanding 

2 

Acceptable 

Standard 

(50%) 

The  response: 

• shows  the  design  of  an  experiment  that  reflects  a partial 
understanding  of  the  photoelectric  effect  and  that  most 
likely  does  not  distinguish  between  Metal  X and  Metal  Y 

• contains  a statement  of  the  purpose,  a list  of  some  of  the 
equipment  needed,  and  a procedure  that  provides  support 
for  the  experimental  design 

• identifies  few  measurements  to  be  made  and  likely  fails  to 
refer  to  any  tables 

• describes  some  of  the  analysis  to  be  done  in  order  to 
distinguish  between  Metal  X and  Metal  Y 

• contains  minor  errors  in  equations  and/or  concepts  that 
hinder  the  understanding  of  the  physics  content 

• has  inconsistencies  or  a major  omission  that  indicates  a 
partial  understanding 
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1 

The  response: 

• shows  the  design  of  an  experiment  that  reflects  a poor 
understanding  of  the  photoelectric  effect  and  does  not 
distinguish  between  Metal  X and  Metal  Y ; may  recognize 
some  aspects  of  the  photoelectric  effect 

• may  contain  a statement  of  the  purpose,  a list  of 
equipment,  and  a procedure  that  may  or  may  not  support 
the  experimental  design 

• may  identify  measurements  and/or  reference  tables, 
however,  their  use  is  likely  inappropriate  and/or 
incorrect 

• describes  little  or  no  analysis  to  be  done  in  order  to 
distinguish  between  Metal  X and  Metal  Y 

• contains  major  errors  in  equations  and/or  concepts, 
indicating  poor  understanding  of  the  physics  content 

• has  minor  and  major  inconsistencies  and/or  omissions 

0 

The  response: 

• shows  the  design,  if  present,  of  an  experiment  that  reflects 
little  or  no  understanding  of  the  photoelectric  effect 

• provides  no  statement  of  purpose,  no  list  of  equipment, 
and  no  procedure 

• provides  no  measurements  or  analysis 

• has  major  omissions 

NR 

No  response  provided 
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Student  Sample  One 


Communication  Score — 2 

Rationale:  The  response  is  well  organized  and 
includes  all  of  the  required  elements;  however,  it  is 
unclear  from  the  procedure  given  exactly  what 
measurements  are  to  be  made,  and  once  made, 
whether  those  measurements  will  support  the 
analysis,  i.e.,  the  analysis  requires  stopping  voltage 
to  be  measured  but  this  is  not  specified  in  the 
procedure. 


Content  Score— 4 

Rationale:  The  response  addresses  all  of  the 
required  elements.  The  explanation  reflects  a 
thorough  understanding  of  the  photoelectric  effect. 
Although  metal  x and  metal  y are  not  identified,  the 
process  by  which  they  could  be  is  outlined.  Use  of 
all  formulas  is  correct. 


| Written  Response  - II  marks  | 

Use  the  following  information  to  answer  written-response  question  2. 


The  labels  have  fallen  off  two  evacuated  tubes  that  have  unknown  metals  at 
each  cathode.  One  tube,  with  Metal  X as  its  cathode,  detects  visible  light 
leakage  from  cameras.  The  other  tube,  with  Metal  Y as  its  cathode,  delects 
ultraviolet  leakage  from  shielded  equipment.  A student  needs  to  know  which 
tube  is  which.  One  of  the  evacuated  tubes  are  shown  below. 


Incident  light  £{4  utoi&SOiftt 


Anode 

>' 

Evacuated  quartz  tube 

A 

) 

HI  ^ 

MoVta^  Carte 

-I/vW 

Also  available  is  a variable-frequency  electromagnetic  wave  source,  a variable 
voltage  source,  a voltmeter,  and  any  reference  tables  needed. 


Content  4x2=8 

Communication  2 


10 

11 


Tte  purpose  of  -tfus  % otricnenb  /s6j  use  a,  variahU 
uoltagz  6ourfe  and  a Varicdoiej  frequency  dcfirormyne.h'c 
uxwe.  60/ res  if)  order  io  ob&eoVer  fir&kold  fbeyaerxics 
of  fie  rncUJs,.  Since  eoch  mefd  hs  o.  different 
£hr/die>ld  frequency  Mil  fieri  be  odL  io  id&ntr'fy  fie 
Mek/s. 
mT6£/AL5  . 

/.  Mrifrhfe  frequency  tdocho magnetic  iMrf  Sirred. 

<=?•  variable  Gouree 

s.  Volt  mekr 

4*  unlnocon  mciaJs  j y) 

5.  reference  tables  threshold  fre^uena^- 


I.  Set  freftutncu  of  SNmm 
d?.  Set  and  measure  yd  icryc  , 

3-  r&t  be  volltitje  Ian  fit  dbctrdri  mwemod  3 

4-  H€(ka.t  fit  ofier  >vet&S 

5.  if  /<,  help-fix!  ip  repeat  fie  procedure  fa  odder  aGCtuaccj. 


Io-  Record  cesuLts. 
2651 UJSJS  lAetttfiy; 


Triai 

ij 

T5(h3 

! 

1 1 

n 

rn 

Jdsj 

I Z3 

=1 

1 ja  ( iia^ 

i 

Out- 

- k(f  U 

^ «\.tooxief^C 

[)<£  fis*  ftf  nfutlas  and 
io  order  toff 
-ttlf  froguenaj 

each  mdaiO. 
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Student  Sample  Two 


Communication  Score — 3 Content  Score — 3 

Rationale:  The  response  is  well  organized.  Rationale:  The  response  addresses  all  of  the  required 

relevant  and  clear.  The  response  specifies  elements  and  reflects  a good  understanding  of  the 

a detailed  procedure  which  demonstrates  a photoelectric  effect.  Although  the  concept  of  threshold 

logical,  consistent  approach.  There  is  a frequency  is  clearly  outlined  in  the  explanation,  the 

precise  relationship  between  the  procedure  given  will  not  produce  the  measurements  needed, 

experiment  and  the  diagram,  and  the  As  evidenced  by  the  discussion  and  diagram,  the  student 

formulae  necessary  to  distinguish  between  clearly  does  not  recognize  that  stopping  potential  of  the 

metal  x and  metal  y are  explicitly  stated.  photoelectrons  is  needed  to  compute  the  kinetic  energy  of 

those  photoelectrons,  and  consequently,  the  threshold 
frequency  of  metals  x and  y.  Therefore,  the  procedure  will 
be  unlikely  to  distinguish  between  metal  x and  metal  y. 


1 Written  Response  - 11  marks 

Use  the  following  information  to  answer  written-response  question  2. 


The  labels  have  fallen  off  two  evacuated  tubes  that  have  unknown  metals  at 
each  cathode.  One  tube,  with  Metal  X as  its  cathode,  detects  visible  light 
leakage  from  cameras.  The  other  tube,  with  Metal  Y as  its  cathode,  detects 
ultraviolet  leakage  from  shielded  equipment.  A student  needs  to  know  which  I 
tube  is  which.  One  of  the  evacuated  tubes  are  shown  below.  n 

(fom  variable  fcpwnof  i 

magnetic  wave 

I 
f 


Incident  light 


Anode 

A 

Evicuited  quartz  ube 

rtn  _1 

rnari 

N/analo'c  voilogt  Source 


for  u-v- hglur 
f„  {o'  Visible  IgW 


Also  available  is  a variable-frequency  electromagnetic  wave  source,  a variable  i 
voltage  source,  a voltmeter,  and  any  reference  tables  needed. 

ftnojLHsl4'3aatJLS6  u»  nwo  -M  uUflwctet  KjM  ^ * 

WqW  faovierttj  4km  vwbU  light  on* 

art  nwi  lP  ^ ™ -*«  W ** 

C pf\  CorvAude  thfesheU  {taweoeg  4 ^ 

\fi  detect  UJ4fd  Violet  Mjht  W||\  lot  -tW>  ^ 

4^i r/sliolid  -fiv^uenctj  of  -ike  meWt  to  detect  visiloU  ‘3 
Ttecause  jto  deefrons  in  -the  Ga+kode  start  t>w 
intHoi  of  tvtovio^ 

Find  wsind  v=  & ; <^  = \.uox/0-wc  (elated 

\ V ••  Uae  averse  twat 

OikcEk 

a*  u,  «***}  r 

. yi  Utk  V\  Z (a.,le3YIO  5® 

& ^ me.vAn*  — 

k &,  " Ju, 

Lmt,t  l 4M  nnj  V,~ul  -A  w* 
ultra  \fio let  I'S"7  ^ 0 . .. 

frt^e^j  - Ip  detect  ViuUe  \»jW- 


£yp£j2,MI£MT  nne.^rt0Lb  f^<aa£MCY^ 

rrpoao;  To  CPtrecHy  ictentek,  '<»U1  4te  ftt'tfwde 
srrleuniMj  M«<oJ  x vvsstei  1/  ACCord < ^ to  the  * 

electa;  ert^tcr  visible  or  ultearioleb. 

fttermk'  r»y  Woes  cnnkx.v^  meted  V r/ietoi  tj, 

vwkU  ektho  nnajneHc 

VariobU  vo'tajc  epv^ 

Volt  mder 

darK  wn  , 

CkrvwteUf  of  a*i«  labCeJ  ]Mda£na*- 

i^mtaAu-re,:  1.  Set  ut>  appo.ta'ws*  bduwsn 

aneUc+ric  r^nU.  .7  available, 

Ikltetli  at  uA'CA  l/lli  OOW'S  O^ne/er 
toewi  ar> 4,7  m Ca-Me  r*jj  ea-n  be  ««•> 

ib,ne  i/cAe**  .n  ^ 

5.  Slowly  ioc/mse-tbe-frtauertai  of+c  **»&**■ 

Current  cun  be  dchcM  ty  <xmmeU/.  ViCffd  IK. 
of -&e  intiAeoi  lit]  fit  at  ufiieh  7^70 
fe.  >as  Hi  -3  utifA  »ne«  x 3 ^ 

t^erd  fis  minimal  OfpertmcniJ  *rnT- 
T.  Uncafo/toai  u)/M  mekt/j. 

obsenasW^  In4hi^{en^neett  fngtl  feec,d  +hc 


ujimA  no  carrel  Midi  ( £Ctfi  3.)  ani  -f<  m,n.  top***y 
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Content  3x2=6 
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Student  Sample  Three 


Communication  Score — 2 Content  Score — 2 


Rationale:  The  response  is  well  organized;  however, 
it  fails  to  address  the  requirement  of  using  either  a 
calculation  or  a derived  algebraic  expression. 
Incomplete  answers  cannot  be  awarded  full 
communication  marks. 


Rationale:  The  response  identifies  a procedure  that 
reflects  a partial  understanding  of  the  photoelectric 
effect.  It  does  not  directly  address  the  concept  of 
threshold  frequency,  which  must  be  inferred  from 
the  procedure.  The  setup,  as  shown  in  the  diagram, 
is  unlikely  to  provide  the  measurements  needed  to 
support  the  analysis. 


[ Written  Response  - 11  marks  } 


Use  the  following  information  to  answer  written-response  question  2. 


The  labels  have  fallen  off  two  evacuated  tubes  that  have  unknown  metals  at 
each  cathode.  One  tube,  with  Metal  X as  its  cathode,  detects  visible  light 
leakage  from  cameras.  The  other  tube,  with  Metal  Y as  its  cathode,  detects 
ultraviolet  leakage  from  shielded  equipment.  A student  needs  to  know  which 


Also  available  is  a variable-frequency  electromagnetic  wave  source,  a variable 
voltage  source,  a voltmeter,  and  any  reference  tables  needed. 


ffyrposfi:  tOhich  o?  -flit  -fwo  fYldals  is  meW  y and. 

tjn'ch  13  fllekl  tj  / 

■■  cuctcucvttrd  tiJoe  cor?  fairvna  rtf  cted  K 
etOCueJed  lit-tie  meltd  ij 

fariCLtik-pTCQuency  eLtctio  magnetic  uoavt  fourCc 
d9nol»l«  <el laqe  catres 
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Itioudurc;  I,  conned  apparatus  Ai&houn  mth, 

oii'a. j ram  to  -Me  Uft. 

-turn  on  fk  Mnabk-  fffyuncy  dtefromo^k 
UM.n  fcurcc  to  the  frequency  of  risible,  hjht. 
Turn  up  ibi  Mpi  rnctj  until  ™re  & 

Otf  -die  Vail  mater. 

3.  record  -the  frefyutneij 

4.  )/  +hj/f  is,  Oo  f&d'M)  in  -ikt  i/isible  hjkl 
CCWje.  , iMCStUe  ptie  ffep-tiencij  of  -tile  ramble. 

■Prftjuenct-j  aiedrorragr*  L,c  ujai*  Cjoum  6k<% 
until  Mure  is  ex  readinej  an4v  vo&rr\<tkr. 
Manure  and  «co<6  Mi  fofyuretj. 
hm:  JJM?)  (Yes/rU) 
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Student  Sample  Four 


Communication  Score — 1 

Rationale:  The  response  is  incomplete  and 
somewhat  unclear.  There  is  an  attempt  to  describe 
an  experimental  design  but  little  or  no  detail  is 
provided.  There  is  a general  misuse  of  physics 
vocabulary  and  a very  weak  relationship  between 
the  experiment  and  the  diagram. 


Content  Score — 1 

Rationale:  The  response  contains  a statement  of 
purpose,  list  of  equipment,  and  a procedure. 
However,  although  the  procedure  uses  the  term 
“threshold  frequency,”  it  indicates  a very  poor 
understanding  of  the  photoelectric  effect.  There  are 
no  measurements  indicated.  Finally,  the  response 
provides  no  analysis  in  order  to  distinguish  between 
the  metals. 


| Written  BopoiW  - 11  writs  1 

Use  the  following  information  to  answer  written  - response  question  2. 


The  label*  have  fallen  off  two  evacuated  tube*  that  have  unknown  metals  at 
each  cathode.  One  tube,  with  Metal  X as  its  cathode,  detects  visible  light 
leakage  from  cameras.  The  other  tube,  with  Metal  Y as  its  cathode,  detect 
ultraviolet  leakage  from  shielded  equipment  A student  needs  to  know  which 
tube  is  which.  One  of  the  evacuated  tubes  are  shown  helow 


Also  available  is  a variable-freouency  electromagnetic  wave  source,  a variable 
voltage  source,  a voltmeter,  and  any  reference  tables  needed. 


Content  1x2=2 

Communication  1 


first  of  o.U , the.  Thoheletb't  effect  occurs  ujhui 
altAfrbrtS  Of*  ttmilied  i crimen/ ,AC./y  at hr  Coming 
into  Conlnti.  wiM  A,  meUi  surface  lf1 
for  the  electrons  to  even  be  emitted,  oj 
threshold  frequency  rmtsi  he  met. 

'pprpoie-.  TZelekrmine.  me  Id  y W ratio}  V in  koo 
e.vo (puheS , us.  in*  thi  photoelectric 

affect- 

M oltrialy- 

- Mo\ktne\etr 

- vendible.  volt&qi  source. 

- frefyuntu-  eltdtrorr>a^nehc  uXWf  oO urcc 

-Anotk 

~ ^'iOCuo.ltd  tiiLc 

- <3  unknoujri  r<^etc.li 

- tnei Amt  Ijhi 

''Procedure,-  . , 

-The  -threshold  k>eaHfneu  of  it, eh  mdaf  tlccds  to 
be  rnc4,»  shine  -Me  incident  hjht  onto  the 
unknown  meUls-  This  will  need  w«>t,s  k’tei. 

'deep  increasing  the  light  ScUrce  uihi  It  MtiBWnflJ 
the  ku  nariahlt  fatjuentj  - 

rzltctmmaqneitc  won*  frenkiallu  the 

threshold  frajutncij  u)Hl  **  mci  00  ^ * 

find  fiben  there,  ult  can  calculate  and  determine 
(jiiich  mtftd  fa  uhich. 


3_ 
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Student  Sample  Five 


Communication  Score — 1 

Rationale:  The  response  is  incomplete  and 
somewhat  unclear.  There  is  an  attempt  to  describe 
an  experimental  design  but  little  or  no  detail  is 
provided.  There  is  a general  misuse  of  physics 
vocabulary  and  a weak  relationship  between  the 
experiment  and  the  diagram. 


Content  Score — 0 

Rationale:  The  response  contains  a statement  of 
purpose,  list  of  equipment,  and  a procedure; 
however,  the  procedure  indicates  little  or  no 
understanding  of  the  photoelectric  effect.  The 
response  incorrectly  identifies  measurements  to  be 
made  and  provides  no  analysis. 


| Written  Response  - 11  marks  [ 

TWpws;  la  determine  wlufc  rfelal  X and  tfelal  Y ave  and 
bine  difference  between  bubeS. 

Materials; 

- ca+hod«  tubes, 

- vottm&f «r 

- poooer  source 

~ eiectrz>n*a^f)c. he  Source 

Procedure  : 

- shine  Co\oured  li^n+iUfon  -the  tu-bti 

Until  4 ere  is  A Mollms.kr’  reading  fluctedw 

[Aecx^uremenbs : 

- volt  wdir^s 
-power  input  readings 

Analyse  twhat  h as  happened  tohen  the  <d<-fferrn^ 
Coloured  is  sViokio  upon  +h*  tube,. 

The  different  uxu/elanolhs  will  torresf*0^  ^crir^ 
u>3 1 i/e  Itn^hs  of  WmeUl 


Content  0x2=0 

Communication  1 


Use  the  following  information  to  answer  written-response  question  2. 


The  labels  have  fallen  off  two  evacuated  tubes  that  have  unknown  metals  at 
each  cathode.  One  tube,  with  Metal  X as  its  cathode,  detects  visible  light 
leakage  from  cameras.  The  other  tube,  with  Metal  Y as  its  cathode,  detects 
ultraviolet  leakage  from  shielded  equipment.  A student  needs  to  know  which 
tube  is  which.  One  of  the  evacuated  tubes  are  shown  below. 


Also  available  is  a variable-frequency  electromagnetic  wave  source,  a variable 
voltage  source,  a voltmeter,  and  any  reference  tables  needed. 


]_ 
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Appendix  B 


Guidelines  for  Significant  Digits , Manipulation  of  Data,  and  Rounding  in  the 
Sciences  Diploma  Examinations 


Significant  Digits 
(measured  values) 


1.  For  all  non-logarithmic  values,  regardless  of  decimal  position,  any  of 
the  digits  1 to  9 is  a significant  digit;  0 may  be  significant.  For  example: 

123  0.123  0.00230  2.30  x 103 

all  have  3 significant  digits 

2.  Leading  zeros  are  not  significant.  For  example: 

0.12  and  0.012  each  have  two  significant  digits 

3.  Trailing  zeros  to  the  right  of  the  decimal  are  significant.  For  example: 
0.123  00  and  20.000  each  have  five  significant  digits 

4.  Zeros  to  the  right  of  a whole  number  are  considered  to  be  ambiguous. 

The  Student  Evaluation  Branch  considers  all  trailing  zeros  to  be 
significant.  For  example: 

200  has  three  significant  digits 

5.  For  logarithmic  values,  such  as  pH,  any  digit  to  the  left  of  the  decimal  is 
not  significant.  For  example: 

a pH  of  1 .23  has  two  significant  digits 
a pH  of  7 has  no  significant  digits 


Manipulation  of  Data  1.  When  adding  or  subtracting  measured  quantities,  the  calculated  answer 

should  be  rounded  to  the  same  degree  of  precision  as  that  of  the  least 
precise  number  used  in  the  computation  if  this  is  the  only  operation. 
For  example: 

12.3  (least  precise) 

0.12 

12.34 

24.76 

The  answer  should  be  rounded  to  24.8. 
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2. 

When  multiplying  or  dividing  measured  quantities,  the  calculated 

answer  should  be  rounded  to  the  same  number  of  significant  digits  as 
are  contained  in  the  quantity  with  the  fewest  number  of  significant  digits 

if  this  is  the  only  operation.  For  example: 

(1.23)(54.321)  = 66.81483 

The  answer  should  be  rounded  to  66.8. 

3. 

When  a series  of  calculations  is  performed,  each  interim  value 
should  not  be  rounded  before  carrying  out  the  next  calculation.  The 

final  answer  should  then  be  rounded  to  the  same  number  of  significant 
digits  as  are  contained  in  the  quantity  in  the  original  data  with  the  fewest 
number  of  significant  digits.  For  example: 

In  determining  the  value  of  (1.23)(4.321)/(3.45  - 3.21),  three 
calculations  are  required: 

a.  3.45-3.21=0.24 

b.  (1.23)(4.321)  = 5.31483 

c.  5.31483/0.24  = 22.145125 
[Not  5.31/0.24  = 22.125] 

The  value  should  be  rounded  to  22.1. 

Note:  In  the  example  given,  steps  a and  b yield  interim  values. 

These  values  should  not  be  used  in  determining  the  number 
of  significant  digits. 

NIEW  4. 

When  calculations  involve  exact  numbers  (counted  and  defined  values) 
the  calculated  answer  should  be  rounded  based  upon  the  measured 
value(s).  For  example: 

12  eggs  x 52.3  g/egg  = 628  g 

Rounding  1 . 

When  the  first  digit  to  be  dropped  is  less  than  or  equal  to  4,  the  last  digit 
retained  should  not  be  changed.  For  example: 

1.2345  rounded  to  three  digits  is  1.23 

2. 

When  the  first  digit  to  be  dropped  is  greater  than  or  equal  to  5,  the  last 
digit  retained  should  be  increased  by  one.  For  example: 

12.25  rounded  to  three  digits  is  12.3 
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Appendix  C 

Directing  Words 


Discuss 

The  word  “discuss”  will  not  be  used  as  a directing  word  on  math  and 
science  diploma  examinations  because  it  is  not  used  consistently  to  mean 
a single  activity 

The  following  words  are  specific  in  meaning . 

Compare 

Examine  the  character  or  qualities  of  two  things  by  providing 
characteristics  of  both  that  point  out  their  mutual  similarities  and 
differences 

Conclude 

State  a logical  end  based  on  reasoning  and/or  evidence 

Contrast/Distinguish 

Point  out  the  differences  between  two  things  that  have  similar  or 
comparable  natures 

Criticize 

Point  out  the  merits  and  demerits  of  an  item  or  issue 

Define 

Provide  the  essential  qualities  or  meaning  of  a word  or  concept;  make 
distinct  and  clear  by  marking  out  the  limits 

Describe 

Give  a written  account  or  represent  the  characteristics  of  something  by  a 
figure,  model,  or  picture 

Design/Plan 

Construct  a plan,  i.e.,  a detailed  sequence  of  actions,  for  a specific 
purpose 

Enumerate 

Specify  one  by  one  or  list  in  concise  form  and  according  to  some  order 

Evaluate 

Give  the  significance  or  worth  of  something  by  identifying  the  good  and 
bad  points  or  the  advantages  and  disadvantages 

Explain 

Make  clear  what  is  not  immediately  obvious  or  entirely  known;  give  the 
cause  of  or  reason  for;  make  known  in  detail 

How 

Show  in  what  manner  or  way,  with  what  meaning 


35 


Hypothesize 

Form  a tentative  proposition  intended  as  a possible  explanation  for  an 
observed  phenomenon;  i.e.,  a possible  cause  for  a specific  effect.  The 
proposition  should  be  testable  logically  and/or  empirically 

Identify 

Recognize  and  select  as  having  the  characteristics  of  something 

Illustrate 

Make  clear  by  giving  an  example.  The  form  of  the  example  must  be 
specified  in  the  question;  i.e.,  word  description,  sketch,  or  diagram 

Infer 

Form  a generalization  from  sample  data;  arrive  at  a conclusion  by 
reasoning  from  evidence 

Interpret 

Tell  the  meaning  of  something,  present  information  in  a new  form  that 
adds  meaning  to  the  original  data 

Justify/Show  How 

Show  reasons  for  or  give  facts  that  support  a position 

Outline 

Give,  in  an  organized  fashion,  the  essential  parts  of  something.  The  form 
of  the  outline  must  be  specified  in  the  question;  i.e.,  lists,  tlow  charts, 
concept  maps 

Predict 

Tell  in  advance  on  the  basis  of  empirical  evidence  and/or  logic 

Prove 

Establish  the  truth,  validity,  or  genuineness  of  something  by  giving 
factual  evidence  or  logical  reasons 

Relate 

Show  logical  or  causal  connection  between  things 
Solve 

Give  a solution  for  a problem;  i.e.,  explanation  in  words  and/or  numbers 

Summarize 

Give  a brief  account  of  the  main  points 
Trace 

Give  a step-by-step  description  of  the  development 

Why 

Show  the  cause,  reason,  or  purpose 
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Appendix  D 

Science  Process  Words  Hypothesis: 


Conclusion: 


Experiment: 

Variables: 


Technology: 


A single  proposition  intended  as  a possible  explanation  for  an 
observed  phenomenon;  e.g.,  a possible  cause  for  a specific 
effect 

A proposition  that  summarizes  the  extent  to  which  a 
hypothesis  and/or  a theory  has  been  supported  or  contradicted 
by  the  evidence 

A set  of  manipulations  and/or  specific  observations  of  nature 
that  allow  the  testing  of  hypotheses  and/or  generalizations 

Conditions  that  can  change  in  an  experiment.  Variables  in 
experiments  are  categorized  as: 

• manipulated  variables  (independent  variables) — conditions 
that  were  deliberately  changed  by  the  experimenter 

• controlled  variables  (fixed  or  restrained  variables) 

— conditions  that  could  have  changed  but  did  not,  because 
of  the  intervention  of  the  experimenter 

• responding  variables  (dependent  variables) — conditions 
that  changed  in  response  to  the  change  in  the  manipulated 
variables 

The  development  of  our  understanding  of  science  is  directly 
related  to  the  development  of  technology.  The  meaning  of 
technology  has  many  facets,  but  in  general,  technology  refers 
to  a way  of  doing  something.  This  includes  the  development 
of  tools  and  new  techniques  for  solving  problems.  It  also 
includes  ideas  and  their  organization  for  achieving  practical 
purposes.  In  the  context  of  an  examination  question, 
technology  includes  both  these  facets  of  meaning.  That  is,  a 
technological  explanation  should  include  not  only 
identification  and  descriptions  of  equipment  (tools,  products) 
but  also  explanations  of  procedures. 
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Periodic  Table  of  the  Elements 
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